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A promising direction to find physics beyond the standard model is to look for violation of Le,µ,τ
conservation. In particular the process e−e− → µ−µ− with the exchange of a gauge bilepton has a
striking signal without background and is predicted in the most economical model to have a cross-
section an order of magnitude higher than previous estimates.
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I. INTRODUCTION
Conservation laws, and their relation to symmetries,
are fundamental to the theoretical physics of nuclei, con-
densed matter as well as high energy physics. This has
already led to great advances and further progress will
certainly come when the correct symmetries are better
probed and identified.
It is expected that clear deviations from the Standard
Model (SM) of particle physics should soon show up in
experiment. Already the non-zero neutrino mass is one
example of this - in the minimal SM neutrinos have no
mass. Beyond that the best hope is to observe rare pro-
cesses, especially those absolutely forbidden in the min-
imal SM. The best suited are processes which violate
global conservation laws, since there is no reason to be-
lieve in their exactness. For example, baryon number (B)
might be violated as in the proton decay predicted by e.g.
grand unification. Even more amenable to test may be
the processes which violate the separate lepton numbers
Le,µ,τ since, even if L = Le + Lµ + Lτ is good, there
is little reason to believe in Le,µ,τ . Neutrino oscillations
exemplify this.
One outstanding question of the SM is the occur-
rence of replicas of the quark-lepton families and one ap-
proach to that issue is the cancellation of chiral anoma-
lies between asymmetric non-sequential families of the
331 model [1,2] (based on the gauge group SU(3)c ×
SU(3)L×U(1)). Recall that anomaly cancellation is cru-
cial in many situations of model building beyond stan-
dard model, e.g. chiral color [3] and in string theory [4].
The 331 model simultaneously predicts that while L is a
good quantum number perturbatively, processes do occur
with |∆Li| = 2 (i = e, µ, τ). There is no SM background,
and so a process like e−e− → µ−µ− shown in Figure 1
provides a way to test [5] whether bileptonic Y −− gauge
bosons are present, as they are if SU(2)L ⊂ SU(3)L for
the gauge group. Another model studied in this con-
text is the SU(15) theory, where there are double charged
gauge bileptons too, however with a smaller coupling (see
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FIG. 1. Contribution of the gauge bilepton to the
e−e− → µ−µ− scattering.
next Section). Among other theories which have doubly
charged particles with L = 2 are the left-right models
based on the group SU(2)L × SU(2)R × U(1)B−L [6].
However, the couplings of these states to the SM fermions
are of Yukawa type and are not fixed. On the other hand,
even though MR, the scale of SU(2)R symmetry break-
ing, may be high, there are light double charged scalars
and fermions [7,8], which may lie close to the weak scale.
The situation also holds in the supersymmetric grand
unified versions of left-right models, where complete dou-
ble charged Higgs multiplets may be much lighter than
the scales of left-right and grand unified symmetries [9].
The same experiments that will search for gauge bilep-
tons will set important limits for these states as well [10].
In old work on the subject of gauge bileptons in the
early 90’s, the Le,µ violating processes were calculated in
the context of an SU(15) theory [11,12]. Here we point
out that in the more economic and attractive 331 model,
the cross-section σ(e−e− → µ−µ−) is larger by an order
of magnitude than in SU(15). This result holds true in
any model that embeds the gauge group SU(2)L in a
single SU(3)L.
The lower limit on M(Y −−) is currently claimed to be
at 850 GeV [13] (however see discussion below, also see
[14,15]), and with that value ofM(Y −−) the cross-section
for σ(e−e− → µ−µ−) is already ∼ 5 fb at √s = 100 GeV
and climbs very fast with s to several hundred fb at
√
s =
1
500 GeV. This implies a readily detectable event rate for
an Le,µ violating process in a collider with integrated
luminosity of 10(fb)−1 or higher, e.g. 1033/cm2s for a
few months or 1034/cm2s for a week.
Some of the leading candidates presently discussed for
the next generation of particle colliders (beyond LEP,
Tevatron and LHC) are the Next Linear Collider (NLC),
the (circular) Muon Collider (MC) and the Very Large
Hadron Collider (VLHC). Of these the most advanced
in design and preparation is the NLC. This is most of-
ten assumed to be an e+e− positron-electron collider
with center of mass energy in the range above LEP:
200GeV <
√
s < 2000GeV, although also being discussed
is the desirability to operate e+e− at
√
s =MZ with high
luminosity.
The motivation for such an NLC is to investigate
physics in a presently-unexplored energy domain, al-
though by the time of its start-up initial discoveries can
be expected to have been made by LHC whereupon the
NLC provides an excellent tool for detailed studies.
It is these machines that are ideally suited for finding
the bilepton even for
√
s < 200 GeV (see Figure 2), but
with luminosity higher than LEP. These machines could
therefore initially run in both charge modes at such an
energy.
II. CROSS SECTION
The interaction Lagrangian between the bilepton Y
and leptons is given by
LY = λY
++
µ e
TCγµP−e++λ
†Y −−µ eγ
µP−Ce
T (1)
where λ is the 3 × 3 coupling matrix. For simplicity, in
the following we will assume λij ∼ λ1.
In the 331 model the group SU(2)L is completely em-
bedded in the SU(3)L so that the gauge bilepton coupling
is equal to the coupling of SU(2)L
λ =
g√
2
≈ 2.08e√
2
(2)
This coupling is larger than the coupling arising from
the SU(15) models where λ ≈ 1.19e/√2 simply because
the SU(2)L in that case is not residing entirely in a sin-
gle SU(3)L but also partially in the SU(6)L subgroup of
SU(15) [16].
The differential cross section (see also [11,17]) for the
gauge bilepton exchange in the process e−e− → µ−µ− is
given by
dσ
d cos θ
=
λ4
32pi
(1 + cos2 θ)
s
(s−m2Y )2 +m2Y Γ2Y
(3)
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FIG. 2. Total cross section in the 331 model for the
e−e− → µ−µ− process as a function of bilepton mass at√
s = 100, 250, 500 GeV.
where θ goes from 0 to pi/2 reflecting the identical par-
ticles in the final states. Here mY and ΓY are the mass
and decay width of the bilepton and s is the square of
the center of mass energy. This leads to the total cross
section
σ =
λ4
24pi
s
(s−m2Y )2 +m2Y Γ2Y
(4)
When the flavor and mass eigenbasis of leptons do not
match, the results above must be corrected by λ2 →
λ2VejV
∗
jeVµjV
∗
jµ.
The total cross section as a function of the bilepton
masses is plotted in Figure 2 for various values of
√
s
(We estimated the decay width of the bilepton as [17]
ΓY = λ
2mY /8pi.)
We see that already at
√
s = 100 GeV we get a cross
section of about σ ∼ 5 fb for a bilepton mass mY = 850
GeV, and for the same mY becomes 250 fb at
√
s = 500
GeV. This is about an order of magnitude higher than in
the case of SU(15) model.
Such a large cross section makes such a process highly
visible. The situation is especially good for NLC-turned-
into-e−e−-machine, even if it would run only at
√
s = 100
GeV, but with the desired luminosity of 1033/cm2s.
This motivates a first run of future linear colliders
(electron or muon) machines as same charge lepton col-
lider. There are another two reasons for considering do-
ing this: a) the additional cost to switch a machine from
e+e− to e−e− is relatively negligible ; b) the highest en-
ergy that previously probed e−e− collisions was in 1971
at
√
s = 1.12 GeV [18], so this would present an oppor-
tunity to improve bounds on the bilepton mass consider-
ably.
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The spin 1 of the state Y can be checked by the angular
distribution of Eq. (3). For spin 0 the distribution is
isotropic.
The inverse process µ+µ+ → e+e+ (µ+ is easier to
“cool” than µ−) has the same cross section and could be
probed at muon colliders, which are recently discussed as
the next colliders in addition to e+e− machines.
III. BACKGROUNDS
Since the scattering violates Le and Lµ it does not have
any background in the standard model. However, a non-
zero neutrino mass violates lepton number and one can
easily find processes which involve neutrino mass that
produce e−e− → µ−µ−, as for example shown in Fig-
ure 3. Recently, first indications of neutrino mass have
been found, and one can ask the question how serious a
background the neutrino exchange can be to the bilep-
ton exchange, given the mass ranges quoted in the at-
mospheric and solar neutrino data. In fact such calcu-
lations have been done recently [19] which find that the
cross section is very small. The strongest bound for Fig-
ure 3a) comes from the neutrinoless double beta decay
where it was found that the cross section for the process
e−e− → WW is smaller than 2.5× 10−7 fb for √s = 100
GeV and is thus quite negligible compared to the vector
bilepton exchange. Bounds on contributions in Figure
3b) are found in [19] to be of a similar order, either be-
cause of a small light neutrino mass or a small mixing
with the heavy Majorana neutrino masses. On the other
hand, using fine tuning, very light right-handed neutri-
nos, or contributions from extra doubly charged scalar
states, it is possible [19] to make the cross sections some-
what larger (typically 10−6− 10−5 fb), but these are still
much smaller than the bilepton signal. Also, we note that
a cut would have to be applied for back-to-back muons
in the final state, and therefore the signal to background
ratio would be even higher.
In any case, non-back-to-back µ−µ− in the final state
are more likely to be from e−e− → Y −− → τ−τ− →
µ−µ− + neutrinos, which has the same cross-section as
in Eq.(4), giving another positive signal for the Y −−.
A diagram not discussed in previous papers that con-
tributes to the e−e− scattering and involves a pair of
back-to-back scattered muons in the final states is shown
in Figure 4. This process is not related directly to the
neutrinoless double beta decay data. However, it is
bound to be still smaller than the processes in Figure
3, because of the small neutrino masses. We estimate
TFig.4 ∼ 1
16pi2
|Vei|2|Vµj |2
mνimνj
M4W
(5)
where Vli are the Kobayashi-Maskawa like mixing angles
in the lepton sector. Even if we take typical neutrino
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FIG. 3. Contributions from non-zero neutrino mass to
background of e−e− → µ−µ−.
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FIG. 4. Another contribution to background of
e−e− → µ−µ−.
masses to be ∼ 1eV this process is completely negligible
(down by over ten orders of magnitude) compared to the
bilepton diagram (with mY in the TeV region) which has
T ∼ VeiV ∗µj/m2Y .
IV. DISCUSSION
In this letter we have shown that the next generation
of linear colliders, when run in the same charge mode,
are especially suitable for search of doubly charged gauge
bosons, that naturally appear in theories where SU(2)L is
completely embedded in a new SU(3)L gauge group. Of
special interest is the process e−e− → µ−µ− which has
no background in the standard model. Even if neutrino
masses are taken to be non-zero, with the current limits,
the background to the bilepton exchange is completely
negligible for
√
s ≤ 1 TeV. This, in our opinion, strongly
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motivates renewed interest in running the future colliders
first as e−e− or µ−µ− machines.
One aspect of the NLC, not usually mentioned in a
physics paper but relevant to the real world and to our
discussion, is its cost and the concomitant likelihood of
being funded and constructed. For simplicity take the
cost of an NLC to be linear in energy and assume it as one
penny per eV. This estimate is very approximate, but, in
any case, the minimization of E will clearly minimize the
start-up cost of a machine which could then be extended
to achieve higher E. The cost of running e−e− is perhaps
slightly less than for e+e−, but both are needed for their
physics interests. The e+e− mode at
√
s = 100 GeV
provides useful machine physics and exploration of the
Z pole at a higher luminosity than that of LEP (5 ×
1031/cm2s).
Finally, we comment on the current experimental lim-
its on the bilepton mass. One of the strongest limits
comes from the fermion pair production and lepton-flavor
violating charged lepton decays [20] and is about 750
GeV. We see from Figure 2, that even for
√
s = 100 GeV
we get huge signals for masses above the current limit
and up to 1 TeV and well beyond. On the other hand an
even stronger limit is claimed to come from the muonium-
antimuonium conversion [13] which currently set the limit
at about 850 GeV for the SU(15) like coupling. Since the
diagram contributing to that process is exactly the same
as the one contributing to the e−e− → µ−µ− scatter-
ing, one would at first sight think that the same limit
applies, and so for a 331 coupling (which is larger than
the SU(15)) the above limit would translate to an even
stronger bound. However, there are several reasons why
the bound from the muonium-antimuonium conversion
does not have to apply in the same way. First, it was
noted by Pleitez [14] that the limit of 850 GeV may be
much less severe if there are additional diagrams with, for
example, scalars contributing to the same process, that
may cancel each other. In fact such extra scalars do ap-
pear in the minimal 331 model [1]. Second, the muonium-
antimuonium conversion happens at energies which are
much smaller than mY , typically less than 1 GeV. Then,
however, for the e−e− → µ−µ− process which is happen-
ing at much higher energies (and with a nonnegligible
center of energy s) the cancellation of diagrams may dis-
appear and the process will be enhanced relatively to the
muonium- antimuonium conversion.
Nevertheless, as we have shown, even for gauge bilep-
ton masses in the TeV region, the signatures in e−e− →
µ−µ− scattering would be significant at attainable de-
sign luminosities. In our opinion this warrants a serious
examination of the possibility of including this mode in
the designs of the future generation of linear colliders. It
would provide a potentially very exciting experiment in
the early stages of operation of such machines.
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